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DETAILED ACTION 
Claim Rejections - .tx USC § 112 

1. Claims 21-28 are rejected under 35 U.S.C. 112, first paragraph, as failing to comply with the 
written description requirement. The claim(s) contains subject matter which was not described in the 
specification in such a way as to reasonably convey to one skilled in the relevant art that the inventor(s), at 
the time the application was filed, had possession of the claimed invention. 

Regarding claim 21, notice the following limitation: 

"said second optical fiber comprises a plurality of small sections, said plurality of said small 
sections being connected in such an order that adjacent small sections have similar zero- 
dispersion wavelengths, each small section being shorter than one kilometer" (emphasis 
Examiner's). 

This limitation appears to correspond to p. 15, last paragraph - p. 16, 1 st full paragraph of Applicant's 
specification. However, the portion of "shorter than one kilometer" is not disclosed. Rather, Applicant's 
specification states, "hundreds of meters or less"). Accordingly, this limitation constitutes new matter. 
Claims 22-28 all contain similar new matter, as well. 

Claim Rejections - 35 USC §103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1, 3, 6, 8, 9, 12-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bigo 
10/97 ("All-optical fiber signal processing and regeneration for soliton communications", hereinafter 
"Bigo 10/97"), with reference to Ramaswami et al. (Optical Networks: A Practical Perspective, 
hereinafter "Ramaswami") and Smith (U.S. Patent No. 5.548.433. hereinafter "Smith '433"). and in view 
of Watanabe (U.S. Patent No. 5.5Q6.667. hereinafter "Watanabe '667"). 

Regarding claim 1, Bigo 10/97 discloses: 
An optical apparatus (Fig. 9) comprising: 



Art Unit: 2613 

an optical path (path from data input to clock output in Fig. 9) provided between an input port 
(data input in Fig. 9), which is connected to a first optical fiber (waveguide input into Fig. 9 is 
conventionally an optical fiber), and to which signal light modulated at a frequency f s (p. 1215, col. 1, 2 nd 
paragraph) is supplied, and an output port (clock output in Fig. 9); and 

an optical loop (loop in Fig. 9) optically coupled to said optical path; 

said optical loop including: 

an optical amplifier (EDFA in loop in Fig. 9) for compensating for a loss in said optical loop so 
that laser oscillation of a continuous wave having a wavelength Ac (Ac in Fig. 9) occurs in said optical loop; 

an adjuster (optical delay line in Fig. 9, p. 1215, col. 1, 1 st paragraph) for adjusting an optical path 
length of said optical loop so that said frequency f s becomes equal to an integral multiple of the reciprocal 
of a recirculation period of said optical loop; 

an optical bandpass filter (filter in loop in Fig. 9) that allows light having said wavelength Ac only 
to pass; and 

a nonlinear optical medium (p. 1214, col. 2, last paragraph - p. 1215, col. 1, 1 st paragraph) for 
mode-locking said laser oscillation according to said signal light, 

wherein said nonlinear optical medium includes an element ("intracavity modulator" on p. 1215. 
col. 1, 1st paragraph) to which said signal light of said input port is inputted from said optical loop (e.g., 
signal light input "Soliton data" is input into the "intracavity modulator"), and said continuous wave 
having said wavelength A c is inputted from said optical loop (light of A c is input into the "intracavity 
modulator"), and generates amplitude modulated CW light (note that said modulation by said nonlinear 
optical medium is performed on said continuous wave, which would result in modulated CW. or 
continuous wave, light: also, notice the amplitude modulated CW light "Clock" in Fig. 10) having said 
wavelength Ac and including a component of said frequency f s (Fig. Q. note that the light of wavelength Ac 
has the same 20 Gb/s / 20 GHz frequency component as the input signal light) by performing amplitude 
modulation of said continuous wave (the amplitude modulated CW light "Clock" in Fig. 10 shows that the 
CW light was amplitude modulated) , and 
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wherein pulses including said wavelength Ac are generated by said nonlinear optical medium and 
output through the output port (Ac clock output in Fig. 9), and a wavelength As of said signal light of said 
input port is different from said wavelength Ac of said continuous wave (signal light wavelength of 1555 
nm is different from clock wavelength of 1548 nm on p. 1215, col. 1, 1 st full paragraph). 

Bigo 10/97 does not expressly disclose: 

wherein said element of said nonlinear optical medium is a second optical fiber , and 
wherein said "amplitude modulation of said continuous wave" is based on four-wave mixing 

between the signal light and the continuous wave generated by the laser oscillation using 

said signal light as pump light. 

However, notice that Bigo 10/97 teaches that the nonlinear optical medium may be embodied by 
a variety of modulators (p. 1215, col. 1, end of 1 st paragraph) , such as an amplitude/intensity modulator 
(NOLM in abstract) or a phase modulator (KFM in abstract). Generally speaking, notice that the 
operating principle of Bigo 10/97 involves the principle of a mode-locked laser (p. 1213. col. 2. last 
paragraph). As a reference. Ramaswami teaches that amplitude or frequency/phase modulation can be 
used to achieve mode lock (p. 141. 4 ^ full paragraph). As another reference. Smith '433 also confirms that 
one can modulate the amplitude or phase of the light in the laser cavity to achieve mode lock (col. 6. 1. 52- 
64). Accordingly, it follows that a suitable amplitude modulator or a suitable phase modulator would 
provide obvious variations. 

Consider the amplitude modulator of Watanabe '667 (e.g.. Fig. 30. col. 26. 1. 3 - col. 27. 1. 6). It 
comprises an optical fiber as a nonlinear optical medium (col. 27. 1. 63-64) and it performs amplitude 
modulation based on four-wave mixing (FWM). At the time the invention was made, it would have been 
obvious to one of ordinary skill in the art to implement the amplitude modulator of Watanabe '667 as a 
suitable amplitude modulator for the mode lock principle of Bigo 10/Q7. One of ordinary skill in the art 
would have been motivated to do this such amplitude modulation of Watanabe '667 is another example of 
an all-optical modulation process (Watanabe '667. e.g.. notice that the modulation in Fig. 30 occurs due to 
the interaction of all-optical signals in the non-linear optical medium of 303). such as the NOLM and 
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KFM of Bigo 10/97, and "all-optical implementation is attractive because it removes the electronics 
bottleneck" (Bigo et al. 10/Q7. p. 1220. col. 2. 1st paragraph under Section \0. Also, as stated above, a 
suitable amplitude modulator would provide an obvious variation. 

Regarding claim 3, Bigo 10/97 in view of the references applied above Thereinafter the "RAA") 
discloses: 

An optical apparatus according to claim 1, further comprising an optical coupler (50/50 coupler 
in Fig. 9) for optically coupling said optical path and said optical loop, said optical coupler providing a 
part of said optical path and a part of said optical loop. 

Regarding claim 6, Bigo 10/97 in view of the RAA discloses: 

An optical apparatus according to claim 1, wherein said nonlinear optical medium comprises a 
single-mode fiber ( Watanabe '667. col. 28. 1. 8-11) . 

Regarding claim 8, Bigo 10/Q7 in view of the RAA discloses: 

An optical apparatus according to claim 6, wherein said nonlinear optical medium has a zero 
dispersion wavelength substantially equal to the wavelength of said signal light ( Watanabe '667. col. 28. 1. 
14-16, 45-47)- 

Regarding claim 9, Bigo 10/97 in view of the RAA discloses: 

An optical apparatus according to claim 1, further comprising an input optical amplifier (EDFA 
connected to data input in Fig. 9) optically connected to said input port for amplifying said signal light. 
Regarding claim 12, Bigo 10/Q7 in view of the RAA discloses: 

An optical apparatus according to claim 1, further comprising a waveform shaper (NOLM in Fig. 
11) optically connected to said output port for performing waveform shaping of said signal light according 
to an optical clock output from said output port. 

Regarding claim 13, Bigo 10/Q7 in view of the RAA discloses: 

An optical apparatus according to claim 12, wherein said waveform shaper comprises a nonlinear 
optical loop mirror (NOLM in Fig. 11). 
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Regarding claim 14, claim 14 is a system claim that corresponds largely to the apparatus claim 
1. Therefore, the recited means in apparatus claim 1 read on the corresponding means in system claim 14. 
Claim 14 also includes a limitation absent from claim 1. This limitation is: 

a first optical fiber for transmitting signal light modulated at a frequency f s ; and 

the second optical fiber included in the optical loop. 

Bigo 10/97 also discloses such a first optical fiber (line input to "1:2 clock recovery" unit in Fig. 11 
is conventionally an optical fiber) and , in view of the RAA. the second fiber optical fiber included in the 
optical loop ( Watanabe '667. col. 27. 1. 63-64") . 

Regarding claims 15-16, claims 15-16 are system claims that correspond largely to the 
apparatus claims 12-13, respectively. Therefore, the recited means in apparatus claims 12-13 read on the 
corresponding means in system claims 15-16. Claims 15-16 also include limitations absent from claims 12- 
13. These limitations are also disclosed by Bigo 10/97: 

a first optical fiber transmission line (optical fiber link on p. 1216, col. 1, last paragraph; input 
fiber transmission line to Fig. 11) for transmitting signal light; and 

at least one optical repeater (regenerator stage on p. 1216, col. 2, 1 st paragraph; e.g., Fig. 11) 
arranged along said optical fiber transmission line; 

each of said at least one optical repeater comprising: 

an optical clock regenerator (Fig. 9., p. 1216, col. 2, 1 st paragraph) for regenerating an optical clock 
by mode locking of laser oscillation according to said signal light; 
said optical clock regenerator (Fig. 9) including: 

an optical path provided between an input port (input port in Fig. 9), which is connected to said 
first optical fiber (input port in Fig. 9, i.e., the clock recovery unit, is connected to the input fiber 
transmission line to Fig. 11), and to which signal light modulated at a frequency f s (p. 1215, col. 1, 2 nd 
paragraph) is supplied, and an output port (clock output in Fig. 9). 

Regarding claim 17, claim 17 is a method claim that corresponds to apparatus claim 1. 
Therefore, the recited means in apparatus claim 1 read on the corresponding steps in method claim 17. 
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4. Claims 7 and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bigo 10/97 in 
view of the RAA . as applied to claim 1 above, further in view of Watanabe et al. ("Simultaneous 
wavelength conversion and optical phase conjugation of 200 Gb/s (5x40 Gb/s) WDM signal using a 
highly nonlinear fiber four-wave mixer", hereinafter "Watanabe Q/Q7") . 

Regarding claim 7, Bigo 10/Q7 in view of the RAA does not expressly disclose : 
An optical device according to claim 1, wherein said nonlinear optical medium comprises a highly 
nonlinear dispersion shifted fiber. 

Watanabe Q/Q7 teaches such a nonlinear optical medium (Watanabe Q/Q7. p. 1-2"). At the time the 
invention was made, it would have been obvious to a person of ordinary skill in the art to incorporate a 
highly nonlinear dispersion shifted fiber as the nonlinear optical medium of Bigo et al. 10/ Q7 in view of 
the RAA. One of ordinary skill in the art would have been motivated to do this since doing so would 
enable one to practice the optical device of Bigo et al. 10/Q7 in view of the RAA with a shorter length of 
fiber, providing a more compact optical device. Also, a highly nonlinear dispersion shifted fiber can have 
a higher third-order nonlinear coefficient than ordinary dispersion shifted fiber (Watanabe Q/Q7. p. 2. 1s t 
full paragraph). A higher coefficient value leads to higher conversion efficiency (Watanabe q/Q7. p. 1. last 
paragraph). 

Regarding claim 18, Bigo 10/Q7 in view of the RAA discloses: 

An optical device according to claim 7, wherein said nonlinear optical medium has a zero- 
dispersion wavelength substantially equal to the wavelength of said signal light ( Watanabe q/ Q7. p. 1. last 
paragraph) . 

5. Claims 19-28 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bigo 10/ 97 in view 
of the RAA and Watanabe q/Q7 . as applied to claim 7 above, and further in view of Watanabe 
(WO98/08138, but Examiner references the English translation in U.S. Patent No. 6,307,984 Bi a 
hereinafter WatanabeWO) . 

Regarding claims 19-20, Bigo 10/97 in view of the RAA and Watanabe q/ Q7 discloses: 
An optical device according to claim 1, wherein said second optical fiber comprises a highly- 
nonlinear dispersion shifted fiber (see treatment of claim 7 above). 
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However, Bigo 10/97 in view of the RAA and Watanabe Q/Q7 does not expressly disclose: 

(claim 19) a nonlinear refractive index of said second optical fiber is equal to or larger than sxio 20 

mVW. 

(claim 20) a mode field diameter of said second optical fiber corresponding to an effective core 
area is equal to or less than 4 um. 

However, first of all, Applicant does not appear to characterize these parameter values as 
inventive or effective to provide patentably unexpected results (Applicant's specification, p. 12-13, 
bridging paragraph). Rather, Applicant discusses them as exemplary parameter values for highly- 
nonlinear dispersion shifted fiber. 

Additionally, these parameters are known values of highly-nonlinear dispersion shifted fiber, as 
shown by WatanabeWO (col. 24, 1. 34-52) as part of a discussion of how to increase the nonlinear 
coefficient. At the time the invention was made, it would have been obvious to one of ordinary skill in the 
art to employ these parameter values in the apparatus of Bigo 10/ 97 in view of the RAA and Watanabe 
q /Q7 . One of ordinary skill in the art would have been motivated to do this since Bigo 10/97 in view of the 
RAA and Watanabe Q/Q7 is relatively silent about an exemplary nonlinear refractive index and an 
exemplary mode field diameter of said second fiber; Watanabe WO's teachings speak into this silence by 
providing structural details and techniques (col. 24, 1. 34-52) for proper implementation of the apparatus 
by one of ordinary skill in the art. 

Re garding claim 21, Bigo 10/97 in view of the RAA and Watanabe 9/97 does not expressly 
disclose: 

An optical device according to claim 1. wherein said second optical fiber comprises a plurality of 
small sections, said plurality of said small sections being connected in such an order that adjacent small 
sections have similar zero-dispersion wavelengths, each small section being shorter than one kilometer. 

However. WatanabeWO discloses this kind of fiber (col. 26. 1. 4-21). At the time the invention 
was made, it would have been obvious to one of ordinary skill in the art to provide this kind of fiber in the 
apparatus of the prior art of record. One of ordinary skill in the art would have been motivated to do this 



Art Unit: 2613 

since WatanabeWO's fiber helps maintain the phase matching condition of the lights involved in the FWM 
of the prior art of record over the overall length of the fiber fWatanabeWO. col. 25. 1. 56 - col. 26. 1. 21). 
which helps make the FWM of the prior art of record occur effectively fWatanabeWO. col. 25. 1. 34-36). 

Re garding claims 22-24. claims 22. 23. and 24 introduce limitations that correspond to the 
limitations introduced by claim 21. Therefore, the recited limitations in claims 21 read on the 
corresponding limitations in claims 22-24. 

Re garding claim 25. Bigo 10/Q7 in view of the RAA. Watanabe q/Q7. and WatanabeWO does 
not expressly disclose: 

An optical device according to claim 21. wherein fiber sections among said plurality of said small 
sections have a smaller variation in zero-dispersion wavelength near an end of said second optical fiber, to 
which end said signal light is input. 

However. WatanabeWO discloses this arrangement fcol. 26. 1. 22-zf,). At the time the invention 
was made, it would have been obvious to one of ordinary skill in the art to provide this arrangement in the 
apparatus of the prior art of record. One of ordinary skill in the art would have been motivated to do this 
since WatanabeWO's arrangement helps provide an increased conversion band fWatanabeWO. col. 26. 1. 
22-3f0. which is related to the amount of ease of making the wavelength of pump light coincide accurately 
with the zero dispersion wavelength of the dispersion shifted fiber of the prior art of record 
fWatanabeWO. col. 24. 1. 22-33). which helps maintain the phase matching condition of the lights 
involved in the FWM of the prior art of record over the overall length of the fiber fWatanabeWO. col. 25. 1. 
56 - col. 26. 1. 21"). which helps make the FWM of the prior art of record occur effectively (WatanabeWO. 
col. 2K. 1. 34-36). 

Re garding claims 26-28. claims 26. 27. and 28 introduce limitations that correspond to the 
limitations introduced by claim 25. Therefore, the recited limitations in claims 25 read on the 
corresponding limitations in claims 26-28. 
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Response to Arguments 

6. Applicant's arguments with respect to the independent claims (REMARKS, p. 8-10) have been 
considered but are moot in view of the new ground(s) of rejection. In particular, notice the treatment of 
claim 1 for more details. 

Conclusion 

7. Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to DAVID S. KIM whose telephone number is (571)272-3033. The examiner can normally be 
reached on Mon.-Fri. 9 AM to 5 PM (EST). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 
Kenneth N. Vanderpuye can be reached on 571-272-3078. The fax phone number for the organization 
where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be obtained 
from either Private PAIR or Public PAIR. Status information for unpublished applications is available 
through Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer 
Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 
CANADA) or 571-272-1000. 

/D. S. K./ 

Examiner, Art Unit 2613 

/Kenneth N Vanderpuye/ 

Supervisory Patent Examiner, Art Unit 2613 



